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Use_ofa Reversed-Phase Support Material in Capillary Electrochromatography 

The present invention relates to the use of a reversed-phase support material in 
capillary electrochromatography (CEC). 



are really specific. Consequently, when an analysis is performed, separation of the 
analyte from interfering accompanying substances is inevitable. 

In chromatographic separations, the sample is dissolved in a mobile phase which 
may be, for example, a gas, a liquid or a supercritical fluid. The mobile phase is 
moved through a stationary phase which is not miscible with it and is accommo- 
dated in a column, for example, or fixed at a solid surface. The two phases are 
selected in such a way that the sample components become distributed between 
the mobile and stationary phases in different ratios. The components which are 
strongly retained by the stationary phase travel on slowly with the mobile phase. 
In contrast, the components which are weakly retained by the stationary phase 
travel fast. Due to these differences, the sample components will separate into 
discrete bands. 

A chromatographic concept which combines the advantages of capillary liquid 
chromatography (e.g., HPLC) and capillary electrophoresis (CE) is the so-called 
capillary electrochromatography (CEC). Essentially, CEC can be considered a 
hybrid of HPLC and CE (Colon et al., Analytical Chemistry News & Features 1995; 
August 1, 461A-467A). As in HPLC, the components of a sample are separated due 
to a different distribution between stationary and mobile phases. In addition 
however, as in CE, an electro-osmotic flow is produced by applying a voltage. The 
separations can be performed isocratically or with a gradient. The columns are 



In general, analytical methods are at best selective; however, only a few, if any, 
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preferably filled with silica gel particles, typically having particle diameters in a 
range of from 1 to 5 pm. 

An advantage of this method is the possibility of separating anionic, cationic and 
neutral molecules. However, a great problem lies in the analysis of complex 
samples, especially biological ones. The latter, such as hemolyzed blood, plasma, 
serum, milk, saliva, fermenter broth, urine, supernatants of cell culture, food and 
tissue homogenizates or extracts from natural products, contain a high proportion 
of matrix components, such as proteins and salts, in addition to the analyte. 

Proteins and other macromoiecules are precipitated, for example, by high propor- 
tions of organic solvents in the mobile phase, or non-specificaliy and irreversibly 
bound by residual silanol groups at the surface of a chromatographic support, or 
denatured. When a porous stationary phase is used, they block the access to the 
pores and thus reduce the number of chromatographic adsorption centers. Due to 
the reduced exchange of materials between the stationary and mobile phases 
connected therewith, these processes result in a loss of capacity and selectivity of 
the column. In addition, non-specific adsorption results in variations of the electro- 
osmotic flow and in non-reproducible retention times of the analytes. In all cases, 
the CEC column is highly damaged or rendered useless. Therefore, it is necessary 
to remove these matrix components from the sample prior to the CEC analysis. 

These problems are all the more important since they pertain to determinations 
which are performed in a high number: for example, therapy control, determina- 
tion of endogenous substances, or the high-throughput screening for potential 
pharmacologically active substances, especially using extracts from natural 
products. 

Common sample processing methods include, for example, cartridge methods or 
the use of precolumns, preferably filled with silica gel particles, the elution of the 
analyte preferably being effected by liquid desorption (HPLC). However, the 
necessary sample processing steps are often time-, cost- and labor-intensive, and 
due to the necessary transfer of the analyte to a separating column, result in a 
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volume enlargement of the sample, which results in a loss of selectivity and 
sensitivity of the separating method. 

Boos et al. (LC-GC 1997, 15, 602-611; LCGC 1996, 14, 554-560) describe a 
support material based on alkyldiol-silica (ADS) which ensures the quantitative 
separation of proteins and other macromolecular components. It is characterized 
by a surface which is inert towards biomolecufes, and its pores are occupied by 
alkyl groups. Its pore size enables small target molecules (analytes) to access 
while the large matrix molecules remain excluded. This material was especially 
developed for HPLC analyses. 

The methods of capillary electrochromatography and HPLC are considerably 
distinct, in particular, by the electro-osmotic forces occurring in CEC. Thus, 
materials and conditions suitable for HPLC cannot be simply transferred to the 
method of CEC (Colon et ai., 1997, Analytical Chemistry & Features, August 1). 

Therefore, it was all the more surprising that the use of a support material for 
capillary electrochromatography (CEC), which is based on a base material contain- 
ing hydroxy groups and has reversed phases limited to the inner surfaces of 
porous particles, said reversed phases consisting of fatty acid residues, in capillary 
electrochromatography enables an essentially quantitative separation of the 
analyte from other sample components, especially proteins and other macromo- 
lecular components (sample matrix) of the sample. 

Thus, the invention relates to the use of a support material for capillary electro- 
chromatography, wherein the support material, which is based on a base material 
containing hydroxy groups, has reversed phases which are limited to the inner 
surfaces of porous particles, said reversed phases consisting of fatty acid residues. 

In addition, the invention relates to a capillary for capillary electrochromatography 
filled with a support material, wherein the support material in the capillary, which 
is based on a base material containing hydroxy groups, has reversed phases which 
are limited to the inner surfaces of porous particles, said reversed phases consist- 
ing of fatty acid residues. 
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The use of the support material in CEC according to the invention permits to 
separate the analyte from other components of the sample without diluting it. In 
the use of the support material according to the invention, the reproducibility with 
respect to plate numbers, retention time and resolution of the column is retained 
even after the repeated injection of complex samples, especially samples contain- 
ing serum and cell culture media. 

In another embodiment, the use of the support material according to the invention 
even permits the combined sample processing and separation of complex samples 
on a single CEC column. With respect to the separating performance, sensitivity, 
signai-to-noise ratio, selectivity, service life of the column and costs, it is equiva- 
lent or even superior to sample processing and separation performed on separated 
columns. This for the first time enables the use of such a system in a high- 
throughput process, such as the high-throughput screening for potential 
pharmacologically active substances. 

Thus, the use of the support material according to the invention is altogether 
characterized by the following properties: 

there is a possibility of repeated direct injection of untreated samples, 
especially biological samples, on one CEC column; 

the protein matrix is quantitatively removed; 

the analyte can be concentrated at the upper brim of the column and 
quantitatively separated off and into its components independently of the 
matrix; 

high separating performance, sensitivity, accuracy, very good signal-to- 
noise ratio; 

high extent of reproducibility with respect to plate numbers, retention time 
and resolution of separation in the column; 
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automatic operation is possible; 

high number of analytical runs, continuous operation of the column; 

low costs per analysis. 

The use according to the invention is advantageous in a CEC method for sample 
processing, wherein the sample consisting of an analyte and other sample compo- 
nents 

is applied to a CEC column system; 

an electro-osmotic flow is produced by applying a voltage, whereby the 
sample molecules are moved and/or the sample molecules migrate accord- 
ing to their charge-to-mass ratio; 

the sample matrix is eluted by applying a wash buffer; 

the analyte is eluted by applying a transfer buffer. 

Particularly preferred is the use according to the invention in a CEC method for the 
combined sample processing and separation, wherein the sample consisting of an 
analyte and other sample components 

is applied to a CEC column system; 

an electro-osmotic flow is produced by applying a voltage, whereby the 
sample molecules are moved and/or the sample molecules migrate accord- 
ing to their charge-to-mass ratio; 

the sample matrix is eluted by applying a wash buffer; 

the analyte is separated and eluted by applying an elution buffer. 
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The method according to the invention not only allows the sample matrix to be 
separated, but also the analyte to be concentrated; experimental details are 
disclosed in Example 6. Using this variant of the present invention, a concentration 
of the analyte by a factor of between 10 and 1000 is achieved. 

In a preferred embodiment, for the precise characterization of the composition of 
the analyte, both qualitatively and quantitatively, it is possible to perform various 
spectrometric and spectroscopic analytical methods subsequent to the separation 
and/or elution. Thus, for example, UV detection is employed in Example 1. 

However, it may also be preferred to supply the analyte fractions to another 
column system for further separation subsequent to the separation. 

CEC devices suitable for the use according to the invention are known to the skilled 
person; the same applies to peripheral devices, such as voltage supply devices, 
temperature-control means, detection devices, separating capillaries. 

Separating capiliaries used for CEC typically have inner diameters of between 20 
and 300 urn, the lower value being limited by handling requirements, and the 
upper value being limited by the possibility to dissipate the Joule heat produced by 
the flow of current. The length of such capillaries is usually from a few centimeters 
to about 50 cm, the upper value being again limited by handling requirements, and 
also by the resulting analysis time since the linear flow is limited in capillary 
electrochromatography. The particular support materials usually employed for 
filling the separating capillaries typically have outer diameters of less than 20 pm, 
especially from 1 to 5 urn. The sorbent bed is usually bounded by frits on both 
sides, wherein the frits can also be produced by sintering sorbent particles. 

The separating materials used according to the invention which have reversed 
phases limited to the inner surfaces of porous particles, the reversed phases 
consisting of fatty acid residues, have mesopores whose width is typically within a 
range of from 2 to 50 nm, as is common for the separation of low-molecular 
analytes. Depending on the desired degree of lipophilicity, the fatty acid residues 
have from 2 to 24 carbon atoms. As the base supports, materials containing 
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hydroxy groups, such as silica gel, porous glass or organic polymers, are suitable. 
The preparation of such separating materials is disclosed in DE 41 30 475 and EP 
0 537 461. 

Further embodiments of the device are explained below with reference to the 
enclosed Figures. 

Figure 1 shows a CEC column system which consists of a single column for the 
sample processing and/or separation. 

Figure 2 shows the electropherogram of digitoxigenin. 

Figure 3 shows the electropherogram of digitoxigenin. 

Figure 4 shows the electropherogram of nadolol. 

Figure 5 shows the electropherogram of benzocain. 

Figure 6 shows the electropherogram of hydrocortisone. 

Figure 7 shows the electropherogram of diphenyl sulfone. 

Figure 8 shows the electropherogram of diphenyl sulfone with concentration of the 
analyte by a factor of 10. 

A particularly advantageous embodiment of the device is represented in Figure 1. 
A CEC column (30) packed with the support material (60) according to the 
invention is immersed with both ends in the container (90) with the mobile phase 
(120). The voltage source (10) serves for applying a voltage between the two ends 
of the columns. The voltage enables the build-up of an electro-osmotic flow in the 
column. In addition, a device for applying pressure to the containers may also be 
provided. The applying of pressure uniformly to both ends of the column counter- 
acts the degassing of the buffer solutions and thus the formation of air bubbles in 
the column. One column end is designed for taking up the sample. A changing 
device enables the changing of the containers (90) and thus the changing or 
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adaptation of the buffer solutions (120) to the process step. By applying, for 
example, a detector (150) as outlined in Figure 1 directly on the column, the 
anaiyte can be directly detected and analyzed. 

In a further embodiment of the device, it is preferred that the column system 
consist of at least one CEC column for sample processing and at least one CEC 
column for separation of the anaiyte which are interconnected through a capillary 
system, wherein this capillary system, in a particularly preferred embodiment, has 
at least one outlet through which the sample matrix can be removed. In addition, 
it is also possible to use a CEC column (30) only for sample processing. It is also 
possible to transfer the anaiyte to other analytical or separating systems after 
separating off the sample matrix. 

The device may also provide a coupling of the column system to at least one 
detector, especially mass spectrometer and/or light-scattering detector or other 
optical detector and/or electrochemical detector (150). 

Figure 2 shows the electropherogram of digitoxigenin. The performance was 
effected with a CEC column filled with 5 urn LiChrospher® ADS-C18 particles (pore 
size 6 nm). Length of the packed capillary: 8.3 cm. Inner diameter: 100 urn. 
Detection wavelength: 210 nm. For further conditions, see Example 1. 

Figure 3 shows the electropherogram of digitoxigenin separated from BSA (bovine 
serum albumin) by the use of the support materials according to the invention. The 
performance was effected with a CEC column filled with 5 um LiChrospher® ADS- 
CIS particles (pore size 6 nm). Length of the packed capillary: 8.3 cm. Inner 
diameter: 100 pm. Detection wavelength: 210 nm. For further conditions, see 
Example 1. 

Figure 4 shows the electropherogram of nadolol. The performance was effected 
with a CEC column filled with 5 um LiChrospher® ADS-C18 particles (pore size 
6 nm). Length of the packed capillary: 8.3 cm. Inner diameter: 100 um. Detection 
wavelength: 210 nm. For further conditions, see Example 2. 



- 9 - 



Figure 5 shows the electropherogram of benzocain. The performance was effected 
with a CEC column filled with 2 um LiChrospher® ADS-C18 particles (pore size 
6 nm). Length of the packed capillary: 8.3 cm. Inner diameter: 100 urn. Detection 
wavelength: 210 nm. For further conditions, see Example 3. 

Figure 6 shows the electropherogram of hydrocortisone. The performance was 
effected with a CEC column filled with 2 urn LiChrospher® ADS-C18 particles (pore 
size 6 nm). Length of the packed capillary: 8.3 cm. Inner diameter: 100 urn. 
Detection wavelength: 240 nm. For further conditions, see Example 1. 

Figure 7 shows the electropherogram of diphenyl sulfone as a control for the 
concentration experiment in Figure 8. The performance was effected with a CEC 
column filled with 2 um LiChrospher® ADS-C18 particles (pore size 6 nm). Length 
of the packed capillary: 8.3 cm. Inner diameter: 100 urn. Detection wavelength: 
210 nm. For further conditions, see Example 5. 

Figure 8 shows the electropherogram of diphenyl sulfone with concentration of the 
analyte by a factor of 10. The performance was effected with a CEC column filled 
with 2 um LiChrospher® ADS-C18 particles (pore size 6 nm). Length of the packed 
capillary: 8.3 cm. Inner diameter: 100 um. Detection wavelength: 210 nm. For 
further conditions, see Example 6. 

Even without any further explanations, it is considered that a skilled person will be 
able to make use of the above description to the greatest extent. Therefore, the 
preferred embodiment and Examples are to be considered a merely descriptive 
disclosure which is by no means limiting in any way. 

The complete disclosures of all applications, patents and publications stated 
hereinbefore and hereinafter are incorporated herein by reference. Also, the 
disclosure of the corresponding application DE 199 07 296.5, filed on February 22, 
1999, as far as relating to support materials which are based on a base material 
containing hydroxy groups and have reversed phases limited to the inner surfaces 
of porous particles, said reversed phases consisting of fatty add residues, is 
incorporated herein by reference. 
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Example 1: 

Separation of digitoxigenin in the presence and absence of BSA 
Materials employed: 

The CEC column having a length of 8.3 cm and an inner diameter of 100 urn was 
packed with LiChrospher® ADS-C18 supplied by Merck of Darmstadt. The particles 
employed had a diameter of 5 um and a pore size of 6 nm. 

The determination of grain size was effected with a Malvern Mastersizer. The 
measurement of the pore diameter was performed with Micometrics ASAP 2400 
equipment. The pore diameter was obtained by determining the desorption or 
adsorption. 

The washing buffer consisted of 5% acetonitrile, 95% water, 5 mM ammonium 
acetate. 

The elution buffer consisted of 60% acetonitrile, 40% water, 5 mM ammonium 
acetate. 

The control solution contained digitoxigenin (Sigma, Deisenhofen) in a concentra- 
tion of 0.3 mg/ml in H 2 0. 

The sample solution contained 1 mg/ml digitoxigenin and 4 mg/ml BSA (bovine 
serum albumin, Sigma Deisenhofen) in H 2 0. 

Device 

For performing the separation of digitoxigenin, the device shown in Figure 1 was 
employed. The column packed with LiChrospher® ADS-C18 was immersed with its 
ends each in a container for receiving buffer solution. Using a voltage source (10), 
a voltage was applied between the two ends of the column. 



Column preparation 



The column preparation was performed at 15 °C in 2 steps: 

1. The CEC column was first equilibrated with washing buffer for 40 min. 
During this process, a voltage of -5 kV was applied, and in order to prevent 
the formation of air bubbles, a pressure of 10 bar was applied to both con- 
tainers. The stability of the column was monitored in the meantime by 
measuring the current and the UV absorption (at 210 nm). 

2. The 2nd equilibration phase took 15 min, a voltage of -15 kV and a pressure 
of 10 bar being applied. The current and the UV absorption were also moni- 
tored. 

After the end of the 2nd phase, the current and UV adsorption were stable. 
Separations 

During the whole operation, the temperature of the buffers, the samples and the 
separating capillaries was controlled to 15 °C. 

Digitoxigenin 

The sample (digitoxigenin, 0.3 mg/ml in H 2 0) was electrokinetically charged onto 
the column by applying a voltage of -5 kV for 3 seconds. Subsequently, a small 
amount of washing buffer, a so-called buffer plug, was charged onto the column 
under the same conditions in order to prevent the possible diffusion of the sample 
into the buffer container. 

Subsequently, the sample was washed by applying the washing buffer at a voltage 
of -15 kV and applying a pressure of 10 bar to both ends of the column. After 9.5 
minutes, the washing buffer was replaced by an elution buffer. The conditions of 
-15 kV and 10 bar were retained. Digitoxigenin was eluted after 12.7 min. The 
electropherogram of this separation is shown in Figure 2. 



- 12 - 



Digitoxigenin in the presence of BSA 

The sample (1 mg/ml digitoxigenin and 4 mg/ml BSA, each in H 2 0) was electroki- 
netically charged onto the column by applying a voltage of -5 kV for 3 seconds. 
Subsequently, a small amount of washing buffer, a so-called buffer plug, was 
charged onto the column under the same conditions in order to prevent the 
possible diffusion of the sample into the buffer container. 

Subsequently, the sample was washed by applying the washing buffer at a voltage 
of -15 kV and applying a pressure of 10 bar to both ends of the column, and the 
BSA was thus removed. After 10 minutes, the washing buffer was replaced by an 
elution buffer. The conditions of -15 kV and 10 bar were retained. Digitoxigenin 
was eluted after 12.6 min. The electropherogram of this separation is shown in 
Figure 3. 

Example 2: 

Separation of nadolol 
Materials employed; 

The CEC column having a length of 8.3 cm and an inner diameter of 100 urn was 
packed with LiChrospher® ADS-C18 supplied by Merck of Darmstadt. The particles 
employed had a diameter of 5 urn and a pore size of 6 nm. 

The determination of grain size was effected with a Malvern Mastersizer. The 
measurement of the pore diameter was performed with Micometrics ASAP 2400 
equipment. The pore diameter was obtained by determining the desorption or 
adsorption. 

The washing buffer consisted of 5% acetonitrile, 95% water, 5 mM ammonium 
acetate. 

The elution buffer consisted of 60% acetonitrile, 40% water, 10 mM ammonium 
acetate. 
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The solution contained nadolol (Sigma, Deisenhofen) in a concentration of 
0.3 mg/ml in H 2 0. 

Device 

The device was the same as that used in Example 1. 
Column preparation 

The column preparation was performed in accordance with Example 1. 
Separation 

During the whole operation, the temperature of the buffers, the samples and the 
separating capillaries was controlled to 15 °C. 

Nadolol (1 mg/ml) was electrokinetically charged by applying a voltage of -5 kV for 
3 seconds. Subsequently, a small amount of washing buffer, a so-called buffer 
plug, was charged onto the column under the same conditions in order to prevent 
the possible diffusion of the sample into the buffer container. 

Subsequently, the sample was washed by applying the washing buffer at a voltage 
of -15 kV and applying a pressure of 10 bar to both ends of the column, and the 
BSA was thus removed. After 10 minutes, the washing buffer was replaced by an 
elution buffer. The conditions of -15 kV and 10 bar were retained. Nadolol was 
eluted after 13.99 min. The electropherogram of this separation is shown in Figure 
4. 
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Example 3: 

Separation of benzocain in human plasma 
Materials employed: 

The CEC column having a length of 8.3 cm and an inner diameter of 100 urn was 
packed with LiChrospher® ADS-C18 particles. The particles employed had a 
diameter of 2 urn and a pore size of 6 nm. 

The determination of grain size was effected with a Malvern Mastersizer. The 
measurement of the pore diameter was performed with Micometrics ASAP 2400 
equipment. The pore diameter was obtained by determining the desorption or 
adsorption. 

The washing buffer consisted of 5% acetonitrile, 95% water, 5 mM ammonium 
acetate, pH 4.7. The elution buffer consisted of 60% acetonitrile, 40% water, 
5 mM ammonium acetate, pH 4.7. 

The sample solution consisted of human plasma doped with 0.5 mg/ml benzocain. 
Device 

The device was the same as that used in Example 1. 
Column preparation 

The column preparation was performed at 15 °C in 2 steps: 

1. The column was first equilibrated with separation buffer. During this 
process, a stepwise rise of the voltage in 5 kV steps from -5 kV to -20 kV 
was performed at an interval of 5 min each. During this, a pressure of 5 bar 
was applied to the inlet buffer container. Then, a pressure of 10 bar was ap- 
plied to both containers, and a voltage of -15 kV was applied. The stability 
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of the column was monitored in the meantime by measuring the current and 
the UV absorption (at 210 nm). 

2. The 2nd equilibration phase was effected in washing buffer and took 12 min, 
a voltage of -15 kV and a pressure of 10 bar to both buffer containers being 
applied. The current and the voltage were also monitored. 

After the end of the 2nd phase, the current and UV adsorption were stable. 

Separation 

During the whole operation, the temperature of the buffers, the samples and the 
separating capillaries was controlled to 15 °C. 

The sample was electrokinetically charged onto the column by applying a voltage 
of -5 kV for 3 seconds. Subsequently, a small amount of washing buffer, a so- 
called buffer plug, was charged onto the column under the same conditions in 
order to prevent the possible diffusion of the sample into the buffer container. 

Subsequently, the sample was washed by applying the washing buffer at a voltage 
of -15 kV and applying a pressure of 10 bar to both ends of the column. This 
removed the proteins and salts from the model matrix. After 7.7 minutes, the 
washing buffer was replaced by an elution buffer. The conditions of -15 kV and 
10 bar were retained. The benzocain was eluted at 12.37 min. The electrophero- 
gram is shown in Figure 5. 

Example 4: 

Separation of hydrocortisone in human serum 
Materials employed: 

The CEC column having a length of 8.3 cm and an inner diameter of 100 urn was 
packed with LiChrospher® ADS-C18 particles. The particles employed had a 
diameter of 2 urn and a pore size of 6 nm. 
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The determination of grain size was effected with a Malvern Mastersizer. The 
measurement of the pore diameter was performed with Micometrics ASAP 2400 
equipment. The pore diameter was obtained by determining the desorption or 
adsorption. 

The washing buffer consisted of 5% acetonitrile, 95% water, 5 mM ammonium 
acetate, pH 4.7. The elution buffer consisted of 60% acetonitrile, 40% water, 
5 mM ammonium acetate, pH 4.7. 

The sample solution consisted of human serum doped with 0.5 mg/ml hydrocorti- 
sone. 

Device 

The device was the same as that used in Example 1. 
Column preparation 

The column preparation was performed in accordance with Example 3. 
Separation 

The separation was performed as described in Example 3. 

The hydrocortisone was eluted at 10.10 min. The electropherogram is shown in 
Figure 6. 
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Example 5: 

Separation of diphenyl sulfone in a serum-containing salt solution 
Materials employed: 

The CEC column having a length of 8.3 cm and an inner diameter of 100 urn was 
packed with LiChrospher® ADS-C18 particles. The particles employed had a 
diameter of 2 urn and a pore size of 6 nm. 

The determination of grain size was effected with a Malvern Mastersizer. The 
measurement of the pore diameter was performed with Micometrics ASAP 2400 
equipment. The pore diameter was obtained by determining the desorption or 
adsorption. 

The washing buffer consisted of 5% acetonitrile, 95% water, 5 mM ammonium 
acetate, pH 4.7. The elution buffer consisted of 60% acetonitrile, 40% water, 
5 mM ammonium acetate, pH 4.7. 

The sample solution consisted of 0.1 mg/ml diphenyl sulfone in 250 ul/ml of fetal 
calf serum in Hank's Balanced Salt Solution. 

Device 

The device was the same as that used in Example 1. 
Column preparation 

The column preparation was performed in accordance with Example 3. 
Separations 

During the whole operation, the temperature of the buffers, the samples and the 
separating capillaries was controlled to 15 °C. 
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The sample was efectrokinetically charged onto the column by applying a voltage 
of -5 kV for 3 seconds. Subsequently, a small amount of washing buffer, a so- 
called buffer plug, was charged onto the column under the same conditions in 
order to prevent the possible diffusion of the sample into the buffer container. 

Subsequently, the sample was washed by applying the washing buffer at a voltage 
of -15 kV and applying a pressure of 10 bar to both ends of the column. This 
removed the proteins and salts from the model matrix. After 7.7 minutes, the 
washing buffer was replaced by an elution buffer. The conditions of -15 kV and 
10 bar were retained. The diphenyl sulfone was eluted at 9.610 min and had a 
peak area of 85.5 mAU-s. The electropherogram of this separation is shown in 
Figure 7. 

Example 6: 

Tenfold concentration and subsequent separation of diphenyl sulfone in a serum- 
containing salt solution 

Materials employed: 

The CEC column having a length of 8.3 cm and an inner diameter of 100 urn was 
packed with LiChrospher® ADS-C18 particles. The particles employed had a 
diameter of 2 urn and a pore size of 6 nm. 

The determination of grain size was effected with a Malvern Mastersizer. The 
measurement of the pore diameter was performed with Micometrics ASAP 2400 
equipment. The pore diameter was obtained by determining the desorption or 
adsorption. 

The washing buffer consisted of 5% acetonitrile, 95% water, 5 mM ammonium 
acetate, pH 4.7. The elution buffer consisted of 60% acetonitrile, 40% water, 
5 mM ammonium acetate, pH 4.7. 
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The sample solution consisted of 0.01 mg/ml diphenyl sulfone in 250 ul/ml of fetal 
calf serum in Hank's Balanced Salt Solution. 

Device 

The device was the same as that used in Example 1. 
Column preparation 

The column preparation was performed in accordance with Example 3. 
Separations 

During the whole operation, the temperature of the buffers, the samples and the 
separating capillaries was controlled to 15 °C. 

The sample was electrokinetically concentrated on the column by applying a 
voltage of -5 kV for 30 seconds. Subsequently, a small amount of washing buffer, 
a so-called buffer plug, was charged onto the column under the same conditions in 
order to prevent the possible diffusion of the sample into the buffer container. 

Subsequently, the sample was washed by applying the washing buffer at a voltage 
of -15 kV and applying a pressure of 10 bar to both ends of the column. This 
removed the proteins and salts from the model matrix. After 7.7 minutes, the 
washing buffer was replaced by an elution buffer. The conditions of -15 kV and 
10 bar were retained. The diphenyl sulfone was eluted at 9.805 min and had a 
peak area of 84 mAU-s. The electropherogram of this separation is shown in Figure 
8. 
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CLAIMS: 



1. Use of a support material for capillary eiectrochromatography, characterized 
in that the support material, which is based on a base material containing 
hydroxy groups, has reversed phases which are limited to the inner surfaces 
of porous particles, said reversed phases consisting of fatty acid residues. 

2. A capillary for capillary eiectrochromatography filled with a support material, 
characterized in that the support material in the capillary, which is based on 
a base material containing hydroxy groups, has reversed phases which are 
limited to the inner surfaces of porous particles, said reversed phases con- 
sisting of fatty acid residues. 
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JACOBSON HOLMAN 


JACOBSON HOLMAN^ 




PROF ES^IOTi AU QmTTEDTI AHl QTY COMPANY 




406"SEVENTfrSTREET, N.W. ~ 


PROFESSIONArTOMrrEDTnABItlTYCOMPANY 



*fm/entor(s) name must include at le 



ie unabbreviated first or middle name. 





FULL NAME* 
OF INVENTOR 


FAM MI 


3IVEN NAME 

Klaus 


MIDDLE NAME 




RESIDENCE & 
CITIZENSHIP 


CITY ^ 

Seehexm 


STATE OR FOREIGN COUNTRY 

Germany 


COUNTRY OF CITIZENSHIP 

Germany 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Am Alten Berg 40 


CITY 

Seeheim 


STATE OR COUNTRY 

Germany 


ZIP CODE 

D-64342 




FULL NAME* 
OF INVENTOR 


FAMILY NAME 

BOOS 


GIVEN NAME _, , . , 

Karl-Sieg fried 


MIDDLE NAME 






RESIDENCE & 
CITIZENSHIP 


CITY ^ . jx. 

Darmstadt 


STATE OR FOREIGN COUNTRY 

Germany 




co £ e T rWf ZENSH,p 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Frankfurter Str. 250 


CITY 

Darmstadt 


STATE OR COUNTRY 

Germany 


ZiP CODE 

D-64271 




..EULL NAME * 
S0F INVENTOR 


f «^Ie-magnussen„, 


GIVEN NAME , . , 

Ariqelxka. 




MIDDLE NAME 






RESIDENCE & 
CITIZENSHIP 


CITY ™ 

JHamburg x 


STATE OR FOREIGN COUNTRY 

Germany ^ - 




COUNTRY OF CITIZENSHIP 

Germany - 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Prahlstr. 1-3 


CITY 

Hamburg 


STATE OR COUNTRY 

Germany 


ZIP CODE 

D-22765 



I further declare that ail statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment or both, under section 1001 of Title 18 of the 
United States Code; and that such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 



SIGNATURE OF INVENTOR 201* 


SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203* / \ 


DATE 


DATE 





[^Additional inventors are named on separately numbered sheets attached hereto. 
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JACOBSON HOLMAN PLLC 
ADDITIONAL INVENTORS 

* Inventor(s) name must include at least one unabbreviated first or middle name. 





FULL NAME * 
OF INVENTOR 


FAMILY NAME 

LUBDA 


GIVEN NAME 

Dieter 


MIDDLE NAME 




RESIDENCE & 
CITIZENSHIP 


Darmstadt 


o 1 A 1 h UK rOKfclLjN CUUN 1 KY 

Germany 


CUyNIKY Ur CH IZfcNoHIH 

Germany 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Frankfurter Str. 250 


CITY 

Darmstadt 


STATE OR COUNTRY IZIP CODE „ ., "" 

Germany p-64271 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 


$ 


RESIDENCE & 
CITIZENSHIP 




o 1 A 1 c. UK rUKhloN CUUN 1 KY 


COUNTRY OF CITIZENSHIP 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR COUNTRY IZIP CODE 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 




RESIDENCE & 
CITIZENSHIP 




a 1 A I L OK rOKclCsN CUUN 1 RY 


COUNTRY OF CITIZENSHIP 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR COUNTRY IZIP CODE 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 






§ 


RESIDENCE & 
CITIZENSHIP 




o I A 1 h UK rUKcJUN OUUN i KY 


UUUN I KY Ur CI 1 l^cNonlr 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR COUNTRY |ZIP CODE 




OF INVENTOR 




GIVEN NAME 


MIDDLE NAME 


1 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR COUNTRY jZIP CODE 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 


1 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR C6UNTRY jZIP CODE 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 


s 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR COUNTRY | ZIP CODE 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 




RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR COUNTRY |ZIP CODE 



I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are to be true, and furtherthat 
these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment or both, under section 1 00 1 
of Title 18 of the United States Code; and that such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 



SIGNATURE OF INVENTOR 204 * 


SIGNATURE OF INVENTOR 205 * 


SIGNATURE OF INVENTOR 206 * 


DATE 


DATE 


DATE 


SIGNATURE OF INVENTOR 207 * 


SIGNATURE OF INVENTOR 208 * 


SIGNATURE OF INVENTOR 209 * 


DATE 


DATE 


DATE 


SIGNATURE OF INVENTOR 210 * 


SIGNATURE OF INVENTOR 21 1 * 




DATE 


DATE 



□ Additional inventors are named on separately numbered sheets attached hereto. 
©JH 2001 (COPYING WITHOUT DELETIONS PERMITTED) 



DECLARATION 
AND POWER OF ATTORNEY 

ALL PATENTS, INCLUDING DESIGN U.S.A. 
FOR APPLICATION BASED ON PCT; PARIS CONVENTION; 
NON PRIORITY; OR PROVISIONAL APPLICATIONS 



FOR ATTORNEYS' USE ONLY 
ATTORNEYS' DOCKET NO. 



irst and sole inventor (if only one name is listed at 201 below), or an original, first ana joint inventor (if plural inventors are named below at 201 -203, or 
■ratter whi ' — * and fnr >«hieh natent is sought cm the invention entitled: 

Use of a Reversed -Phase Support Material in * Capillary Electrochromato- 
grapny - 



which is described and claimed in: £|pCT International Application No. PCT/EP 00/01391 med February 21, 2000 

f~1 the attached specification l~l the specification in application Serial No. med 

{if applicable) and amended on 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any amendment referred to above. 
I acknowledge the duty to disclose information which is material to patentability as defined in Title 37. Code of Federal Regulations, §1 .56. 

! hereby claim foreign priority benefits under Title 35, United States Code, §119 (a)-(d) of any foreign application^) for patent or inventor's certificate listed below and have also identified below any 
foreign application for patent or inventor's certificate having a filing date before that of the application on which pnonty is claimed: 

Prior Foreign Applications) Priority Claimed 

199 07 296.5 - Germany _ 22/02/1999^ j-g j-j 

(Number) (Country) {Day/Month/Year Fileti) Yes No 

□ □ 

Yes No 

□ □ 



(Day/MonWYear Filed) 



(Number) (Country) {Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code,§1 19(e) of any United States provisional application(s) listed below: 

Filing Date Application No. 



I hereby daim the benefit under Title 35, United States Code, §120 of any United Slates appiication(s) listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Titie 35, United States Cade, §11 2, 1 acknowledge the duty to disclose information which is material to 
j§ : patentability as defined in Title 37, Code of Federal Regulations. §1 .56 which became available between the filing date of the prior application and the national or PCT international filing date of this 



(Application Senal No.) (Filing Date) (Status: patented, pending, abandoned) 

PiWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys (Registration No. ) to prosecute this application, receive and act on instructions from my 
agent, and transact all business in the Patent and Trademark Office connected therewith. HARVEY B. JACOBSON. JR. (20,85 1); JOHN CLARKE HOLMAN (22,769); MARVIN 
if STERN (20,640); ALLEN S. MELSER (27,215); MICHAEL R. SLOBASKY (26,421 ); JONATHAN L. SCHERER (29,85 1 ); IRWIN M. AISENBERG (1 9,007); WILLIAM E. PLAYER 
(3%,409); YOON S. HAM (45.307) and NATHANIEL A. HUMPHRIES (22,772) 

SEND CORRESPONDENCE TO: / CUSTOMER NO. 00136 

~™ or 

JACOBSON HOLMAN 



PROFESSIONAL. LIMITED LIAB ILITY COMPANY 



JACOBSO N HOLMA N^ 



*lnventor(s) name must include at least one unabbreviated first or middle n< 





FULL NAME * 
OF INVENTOR 


FAM^YNAME 


GIVEN NAME _, - 

Klaus 


- 


MIDDLE NAME 






RESIDENCE & 
CITIZENSHIP 


CITY „ , . 

Seeheim 


STATE OR FOREIGN COUNTRY 

Germany 




c S°a F n c r SH,P 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Am Alten Berg 40 


CITY 

Seeheim 


STATE OR COUNTRY 

Germany 


ZIP CODE 

D-64342 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 

BOOS 


GIVEN NAME „ , „ . ~ ■ -, 

Karl-Siegf ried 


MIDDLE NAME 






RESIDENCE & 
CITIZENSHIP 


CITY ^ , 

Darmstadt 


STATE OR FOREIGN COUNTRY 

Germany 




C0 Gm% F nT ZENSH ' P 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Frankfurter Str. 250 


CITY 

Darmstadt 


STATE OR COUNTRY 

Germany 


ZIP CODE 
D-64271 




FULL NAME * 
OF INVENTOR 


f ^ y s n c a ^Ie-magnusse N 


GIVEN NAME , . . 

Angel ika 


vtlDDLE NAME 




RESIDENCE & 
CITIZENSHIP 


CITY TT i 

Hamburg 


STATE OR FOREIGN COUNTRY 

Germany 


COUNTRY OF CITIZENSHIP 

Germany 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Prahlstr. 1-3 


Hamburg 


STATE OR COUNTRY 

Germany 


ZIP CODE 

D-22765 



I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment or both, under section 1001 of Title 18 of the 
United States Code; and that such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 



SIGNATURE OF INVENTOR 201* 



SIGNATURE OF INVENTOR 202* 



SIGNATURE OF INVENTOR 203* 



^Additional inventors are named on separately numbered sheets attached hereto. 
© JH 2001 (COPYING WITHOUT DELETIONS PERMITTED) 



JACOBSON HOLMAN PLLC 
ADDITIONAL INVENTORS 





FULL NAME * 
OF INVENTOR 


FAMILY NAME 

LUBDA 


GIVEN NAME 

Dieter 


MIDDLE NAME 




RESIDENCE & 
CITIZENSHIP 


^Darmstadt 


STAtl= OR FOREIGN COUNTRY 

Germany 


Country'Of CITIZENSHIP 
Germany 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS ^ 

Frankfurter Str. 250 


CITY Darmstadt 


^TaTti: riR rni intry I7IP rone 

Germany p- 6 4 271 




FULL NAME * 
OF INVENTOR 




GIVEN NAME 


MIDDLE NAME 


RESIDENCE & 
CITIZENSHIP 




■STATE 1 OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


POST OFFICE 1 
ADDRESS 


POST OFFICE ADDRESS 




staT£ Or COUNTRY jzip CCde 


1 


FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 


RESIDENCES 
CITIZENSHIP 


CITY 


STATE: OR FOREIGN COUNTRY 


co"unTry Of 1 Citizenship 


POST OFFICE 


POST OFFICE ADDRESS 


CITY 


5 1 A 1 1 OK UUUN 1 KY |Z.ir OUUC 


s 


FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 




COUNTRY Of CITIZENSHIP 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


q tat ^ OR COUNTRY JZIP CODE 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


country of Citizenship 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR COUNTRY |ZIP CODE 


I 


FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 




RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUN 1 RY 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE OR COUN 1 KY |Z.lr uUUt 


o 


FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


OOuntry Of Citizenship 


POST OFFICE 
ADDRESS 






STATE: OR COUNTRY |ZlP CODE! 




FULL NAME * 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 


MIDDLE NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


country of Citizenship 


POST OFFICE 
ADDRESS 


POST OFFICE: ADDRESS 


CITY 


state Or country jzip cOde 



these statements were made with the knowledge that willful false statements and the like so made are pun.shableby fine ormpnsonment or both under section 1001 
of Title 18 of the United States Code; and that su ch willful false statements may jeopardize the validity of the application or any patent issuing thereon. 

lsiGNATURE OF INVENTOR 206 * 



SIGNATURE OF INVENTOR 204 * 



SIGNATURE OF INVENTOR 205 * 



SIGNATURE OF INVENTOR 207 * 



SIGNATURE OF INVENTOR 208 * 



SIGNATURE OF INVENTOR 209 * 



SIGNATURE OF INVENTOR 210 * 



SIGNATURE OF INVENTOR 211 * 



□ Additional inventors are named on separately numbered sheets attached hereto. 
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